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1 . BACKGROUND 


Regional  planning  studies  completed  in  the  mid-seventies 
indicated  that,  with  the  present  growth  rate  of  water  demands  in  the 
Willow  Creek  Basin,  difficulties  would  be  experienced  in  meeting  these 
demands  about  the  mid-eighties.  Detailed  studies  were  therefore 
recommended  to  develop  a water  resource  management  strategy  for  the 
Basin. 


The  low  runoff  volumes  of  the  1977  and  1984  growing  seasons 
coupled  with  the  high  demands  on  the  resource  produced  severe  water 
shortages  throughout  the  lower  reaches  of  the  basin.  The  growing  season 
of  1985  is  evolving  into  a similar  predicament. 

In  response  to  the  Willow  Creek  Watershed  Committee,  the 
Minister  of  Environment  authorized,  in  October  1984,  water  storage 
feasibility  studies  of  the  Willow  Creek  Basin.  In  response  to  the 
Minister's  request,  Planning  Division  has  coordinated  activities  to 
facilitate  the  investigative  studies.  Within  the  context  of  these 
studies,  Technical  Services  Division  was  requested  to  derive  natural 
flows  in  the  basin,  derive  flood  hydrographs  for  design  purposes,  and  to 
obtain  storage  draft  curves  for  potential  storage  sites  under 
investigation. 

This  report  provides  the  assessment  of  the  several  storage 
alternatives  in  the  Willow  Creek  Basin  and  the  resulting  storage  draft 
curves,  as  requested  by  Planning  Division. 

1.1  OBJECTIVE 

At  the  request  of  Alberta  Environment's  Planning  Division, 
Hydrology  Branch  of  Technical  Services  Division  was  to  provide  a water 
supply  assessment  for  each  of  the  identified  storage  alternatives,  given 
a set  of  monthly  agricultural  demands. 
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SYNOPSIS 


An  hydrologic  assessment  was  performed  on  four  reservoir 
alternatives  in  the  Willow  Creek  Basin.  The  assessment  was  based  on  the 
effects  of  the  reservoirs  on  the  monthly  streamflow  data  of  the  Willow 
Creek  Basin  for  the  period  1912  to  1983.  Three  independent  options  were 
examined  for  each  alternative.  The  first  option  represented  those 
optimum  conditions  for  which  agricultural  demands  were  met  with  100 
percent  reliability  for  the  period  of  record.  The  second  and  third 
options  represented  those  conditions  for  which  95  percent  and  90  percent 
reliability  rates  occurred,  respectively. 

Two  computer  models  were  developed  to  assist  in  the 
assessment.  The  assumptions,  procedures,  and  results  of  the  models  are 
presented  and  discussed.  The  overall  results,  summarized  as 
storage-draft  curves,  are  also  included. 
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Specifically,  this  study  Includes: 


a)  the  identification  of  several  storage  options, 

b)  the  description  of  use  of  the  generated  streamflow  data  base, 

c)  the  description  of  reservoir  operation  procedures,  including 
the  development  of  computer  programs,  to  simulate  the  effects 
of  each  storage  option  on  natural  flows, 

d)  the  description  of  the  methodology  used  in  deriving  storage- 
draft  curves, 

e)  the  resulting  storage-draft  curves  of  each  tested  storage 
option,  and 

f)  the  interpretation  and  assessment  of  results. 
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2.  COMPILATION  OF  DATA 


Prerequisite  to  the  assessment  of  alternatives  was  the 
compilation  of  data  with  regards  to:  (i)  the  physical  characteristics  of 
each  alternative,  (ii)  the  generated  streamflows  of  the  basin,  and  (iii) 
the  operation  procedures  for  the  reservoirs.  Details  of  these  data  are 
described  in  the  following  subsections. 

2.1  IDENTIFICATION  OF  ALTERNATIVES 


With  the  direction  of  Planning  Division  and  communications 
with  Design  and  Construction  Division,  three  potential  reservoir  sites 
were  identified.  The  three  potential  reservoir  sites,  along  with 
existing  conditions,  form  the  four  water  management  alternatives 
analyzed  in  this  report.  Table  2.1  provides  a summary  of  the  four 
alternatives.  The  locations  of  the  reservoir  sites  are  shown  in  Figure 
1. 


Alternative  A1  involved  the  assessment  of  the  basin  under 
existing  conditions  of  storage  capacity.  The  results  of  this 
alternative  provided  an  indication  of  the  yield  for  various  levels  of 
efficiency  which  could  be  obtained  if  the  existing  Chain  Lakes 
Reservoir,  without  additional  storage  in  the  basin,  were  used  to  meet 
agricultural  demands.  The  outflows  computed  for  this  alternative  were 
not  expected  to  coincide  with  the  respective  recorded  flows  since, 
historically,  the  operation  of  the  Chain  Lakes  Reservoir  was  on  an 
ad  hoc  basis,  dependent  primarily  upon  downstream  municipal  demands. 
The  operation  of  the  modelled  reservoir  for  Alternative  A1  was  based  on 
the  assumption  of  predetermined  demands,  which  were  fixed  for  each  year. 
These  demands  were  quantified  by  Planning  Division  and  are  described  in 
more  detail  in  subsection  3.5  of  this  report. 
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Table  2.1:  Inventory  of  Reservoir  Alternatives 


Alternative 

Site  # 

Name 

Description 

A1 

-- 

Chain  Lakes 

Reservoir 

Chain  Lakes  Reservoir 
only 

A2a 

2 

Pine  Coulee 
Reservoir 

Offstream 

Offstream  Storage  in  Pine 
Coulee,  in  conjunction 
with  Chain  Lakes  Reservoir 
Diversion  Canal  Capacity 
= 300  cfs 

A2b 

2 

Pine  Coulee 
Reservoir 

Offstream 

As  A2a; 

Diversion  Canal  Capacity 
= 600  cfs 

A2c 

2 

Pine  Coulee 
Reservoir 

Offstream 

As  A2a; 

Diversion  Canal  Capacity 
= 900  cfs 

A3 

2 

Pine  Coulee 
Reservoi r 

Onstream 

Onstream  Reservoir  down- 
stream of  Pine  Coulee  and 
Willow  Creek  Confluence 
in  conjunction  with  Chain 
Lakes  Reservoir 

A4 

1 

Claresholm  1 

Reservoi r 

Onstream  Reservoir  near 
Town  of  Claresholm,  in 
conjunction  with  Chain 

Lakes  Reservoir 
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Alternative  A2  involved  both  the  Chain  Lakes  Reservoir  and  the 
Pine  Coulee  Offstream  Reservoir  (also  referred  to  as  Site  #2).  In  this 
alternative,  Chain  Lakes  Reservoir  was  required  to  supply  a base  flow 
during  the  winter  months  only,  while  the  reservoir  in  Pine  Coulee  was 
required  to  supply  all  other  flow  requirements  throughout  the  year. 
Since  local  runoff  from  Pine  Coulee  is  relatively  insignificant,  the 
reservoir  storage  would  be  supplemented  by  means  of  a canal  which 
diverts  excess  flows  from  Willow  Creek  to  Pine  Coulee.  In  this  regard, 
three  canal  capacities  were  assessed.  Alternative  A2a  included  a 
diversion  capacity  of  300  cubic  feet  per  second  (cfs);  Alternative  A2b 
included  a diversion  capacity  of  600  cfs;  Alternative  A2c  included  a 
diversion  capacity  of  900  cfs. 

Alternative  A3  involved  Chain  Lakes  Reservoir  and  the  Pine 
Coulee  Onstream  Reservoir  (also  referred  to  as  Site  #2).  As  in 
Alternative  A2,  Chain  Lakes  Reservoir  was  required  to  supply  a winter 
base  flow,  while  the  Pine  Coulee  Onstream  Reservoir  was  required  to 
supply  all  other  flow  requirements  throughout  the  year. 

Alternative  A4  involved  Chain  Lakes  Reservoir  and  the 
Claresholm  Reservoir  (also  referred  to  as  Site  #1).  As  in 
Alternative  A2,  the  Chain  Lakes  Reservoir  was  required  to  supply  a 
winter  base  flow,  while  the  onstream  Claresholm  Reservoir  was  required 
to  supply  all  other  flow  requirements  throughout  the  year. 

2.2  PHYSICAL  CHARACTERISTICS  OF  THE  RESERVOIRS 

At  the  present  time,  a single  reservoir  exists  in  the  Willow 
Creek  Basin,  that  being  the  Chain  Lakes  Reservoir.  Four  additional 
sites  for  reservoirs  have  been  identified  elsewhere  in  the  basin,  and 
are  shown  in  Figure  1.  At  the  present  time,  detailed  surveys  and 
topographical  maps  had  been  finalized  for  three  of  the  sites,  namely 
Alternatives  A2  (Site  #2),  A3  (Site  #2b)  and  A4  (Site  #1).  Without  the 
detailed  surveys  and  topographical  maps  for  the  fourth  site  (Site  #3),  a 
hydrologic  assessment  of  that  site  would  necessarily  be  less  definitive 
than  the  other  alternatives  and  therefore  could  prove  difficult  for 
comparative  purposes.  Therefore  Site  #3  was  not  assessed  at  this  time. 


-7- 


Elevation-area-capaci ty  relationships  of  each  reservoir  were 
produced  by  Hydrology  Branch,  using  1:2000  topographical  maps  having  2.5 
meter  contour  intervals  provided  by  Survey  Branch  of  Technical  Services 
Division.  Maximum  potential  storage  levels  due  to  topographic 
limitations,  Permanent  Pool  Storage  and  diversion  canal  capacities,  were 
obtained  from  Design  and  Construction  Division.  A summary  of  the 
physical  characteristics  of  the  existing  and  proposed  reservoirs  used  in 
the  assessments  are  presented  in  Table  2.2.  Area  capacity  curves  of  the 
four  reservoirs  are  presented  in  Figure  2 through  5. 

2.3  TESTED  OPTIONS 


The  water  management  alternatives  identified  in  Section  2.1 
were  evaluated  at  various  levels  of  storage  up  to  the  topographical 
Maximum  Potential  Storage  Level,  MPSL,  (of  each  of  the  proposed 
reservoirs),  in  order  to  determine  the  reservoir  yield  to  storage 
volume  ratio.  The  reservoir  yield,  in  excess  of  winter  base  flow  (which 
in  all  alternatives  was  supplied  by  the  existing  Chain  Lakes  Reservoir), 
was  assessed  for  three  storage  options  of  acceptable  reliability.  The 
three  tested  options  of  acceptable  reliability  were  the  100%,  95%,  and 
90%.  The  100%  option  represented  the  condition  for  which  there  were  no 
failures  in  meeting  the  May  through  October  monthly  demand  for  the  72 
years  of  record.  The  95%  option  represented  the  condition  for  which 
successes  in  meeting  the  monthly  demand  occurred  in  all  months  for  95% 
of  the  May  through  October  72  years  of  record.  The  90%  option 
represented  the  condition  for  which  successes  in  meeting  the  May  through 
October  monthly  demand  occurred  in  all  months  for  90%  of  the  72  years  of 
record.  A success  was  defined  as  a resultant  flow  which  was  at  least 
90%  of  the  demand  flow  for  each  month  of  the  year.  A failure  was 
defined  as  a resultant  flow  which  was  less  than  90%  of  the  demand  flow 
for  at  least  one  month  in  the  year.  A summary  of  the  tested  options  is 
presented  in  Table  2.3.  A graphical  description  of  these  terms  is 
provided  in  Figure  6. 
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Table  2.2:  Physical  Characteristics  of  Reservoirs 


Reservoir 

G.S.C. 

Elevation 

Feet 

Surface 

Area 

Acres 

Reservoi r 

Capacity 

Acre-Feet 

Source  of 
Information* 

Other* 

Chain  Lakes 

4222.5 

0 

0 

W.E.R. 

4234.5 

320 

1200 

Permanent  Pool 

4238.0 

430 

2200 

Storage  = 1200  ac.ft. 

4241.0 

540 

3400 

(W.E.R.) 

4245.0 

620 

5400 

F.S.L.  = 4255.5  ft. 

4248.0 

670 

7400 

(W.E.R.) 

4251.0 

720 

9640 

4255.5 

770 

13000 

Pine  Coulee 

3390.0 

0 

0 

HYD. 

Offstream 

3395.6 

77 

318 

Permanent  Pool 

3403.8 

250 

1661 

Storage  = 11000  ac.ft 

3412.0 

360 

4165 

(D.&C. ) 

3420.2 

501 

7698 

M.P.S.L.  = 3453.1  ft. 

3428.4 

711 

12669 

(D.&C.) 

3436.6 

911 

19320 

Diversion  Canal 

3444.8 

1189 

27931 

Capacity  Ranging 

3453.1 

1386 

38490 

From  300  cfs  to 

3461.2 

1596 

51719 

900  cfs  (HYD.) 

Pine  Coulee 

3379.3 

0 

0 

HYD. 

Onstream 

3387.5 

33 

137 

Permanent  Pool 

3395.7 

180 

1011 

Storage  = 11000  ac.ft 

3403.9 

382 

3315 

(D.&C.) 

3412.1 

528 

7018 

M.P.S.L.  = 3453.1 

3420.3 

727 

12197 

(D.&C.) 

3428.5 

1018 

19356 

3436.7 

1305 

28882 

3444.9 

1708 

41237 

3453.1 

2091 

56818 

3461.3 

2485 

75588 

Clareshclm 

3308.7 

0 

0 

HYD. 

3313.6 

13 

50 

Permanent  Pool 

3321.9 

105 

483 

Storage  = 5000  ac.ft. 

3330.1 

229 

1852 

(D.&C.) 

3338.3 

391 

4393 

M.P.S.L.  = 3379.3 

3346.5 

501 

8051 

(D.&.C. ) 

3354.7 

573 

12459 

3362.9 

712 

17734 

3371.1 

832 

24070 

3379.3 

1036 

31731 

* D.  & C. 
HYD. 
W.E.R. 
F.S.L. 
M.P.S.L. 


= Design  and  Construction  Division,  Alberta  Environment 
= Hydrology  Branch,  Technical  Services  Division,  Alberta  Environment 
= Reference  4 
= Full  Supply  Level 
= Maximum  Potential  Storage  Level 


MtcnoriiM  DAT f 


0 K>  30  30  *0  50 


0 to  .u  JC  *0  !>0 


Micoor  UM  0*T( 


MlCPOf  KM  DATE 


0 IG  JO  JO  «G 
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Table  2.3:  Summary  of  Tested  Options 


Description 

Option 

Code 

Reservoir  Supplying 
Winter  Base  Flow 

Reservoir  Supplying 

May  through  October  Demand 

Rel iabil ity 

% 

100-A1 

Chain  Lakes 

Chain  Lakes 

100 

95-A1 

Chain  Lakes 

Chain  Lakes 

95 

90-A1 

Chain  Lakes 

Chain  Lakes 

90 

100-A2a 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 300  cfs 

100 

95-A2a 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 300  cfs 

95 

90-A2a 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 300  cfs 

90 

100-A2b 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 600  cfs 

100 

95-A2b 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 600  cfs 

95 

90-A2b 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 600  cfs 

90 

100-A2C 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 900  cfs 

100 

95-A2c 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 900  cfs 

95 

90-A2C 

Chain  Lakes 

Pine  Coulee  Offstream, 

DIVCAP*  = 900  cfs 

90 

100-A3 

Chain  Lakes 

Pine  Coulee  Onstream 

100 

95-A3 

Chain  Lakes 

Pine  Coulee  Onstream 

95 

90-A3 

Chain  Lakes 

Pine  Coulee  Onstream 

90 

100-A4 

Chain  Lakes 

Claresholm 

100 

95-A4 

Chain  Lakes 

Claresholm 

95 

90-A4 

Chain  Lakes 

Claresholm 

90 

*DIVCAP  - Diversion  Canal  Capacity 
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JUl  ^ AUG 
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2.4  HISTORICAL  STREAMFLOW  DATA 


The  capability  of  each  alternative  in  supplying  downstream 
demands  was  assessed  using  an  historical  period  of  monthly  mean 
streamflows.  Complete  data  sets  of  natural  flows  for  the  period  1912  to 
1983  were  produced  for  eleven  subbasins  in  the  Willow  Creek  Basin  and 
are  presented  in  the  report  by  FIGLIUZZI  (1985).  However,  the  data  sets 
could  not  be  used  as  presented  due  to  the  difference  in  the  assessed  and 
historical  operations  of  the  Chain  Lakes  Reservoir  and  its  influence  on 
downstream  flows. 

The  original  data  sets  were  therefore  manipulated  to  represent 
the  local  flows  contributed  by  each  sub-basin.  These  data  sets  were 
determined  by  subtracting  the  streamflows  of  an  upstream  station  from 
those  of  a downstream  station.  Numerous  negative  inflows  resulted, 
although  of  small  magnitude.  No  effort  was  made  to  eliminate  the 
negative  flows.  A second  modification  entailed  the  inclusion  of  inflow 
due  to  the  additional  drainage  area  located  immediately  northwest  of  the 
Chain  Lakes  Reservoir.  Inflows  from  the  additional  27  km2  were 
estimated  by  multiplying  the  flows  of  streamflow  gauging  station 
C5AB039,  Willow  Creek  below  Lane  Creek  (as  presented  in  the  report  by 
FIGLIUZZI  (1985)),  by  the  drainage  area  ratio  of  the  two  basins: 
27  km2/730  km2  = .037.  The  pertinent  data  sets  used  in  the  assessment 
are  presented  in  Appendix  A. 

2.5  OPERATIONAL  PROCEDURES  OF  RESERVOIRS 


As  there  exists  a limited  supply  of  streamflow,  an  operational 
procedure  for  the  use  of  the  resource  was  necessary.  A priority 
sequence  was  developed  to  accommodate  the  decision  making  process  of 
water  usage. 

For  offstream  storage  alternatives  (i.e.,  Pine  Coulee 
Offstream  Reservoir)  the  following  priority  sequence  was  adopted. 
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For  a given  monthly  volume: 

1.  Allow  flow  in  Willow  Creek  to  meet  downstream  demands;  if 

streamflow  volume  is  insufficient,  release  from  reservoir,  if 
possible. 

2.  If  flow  volume  is  in  excess  of  downstream  demands,  the  excess 
volume  (to  a maximum  of  the  diversion  capacity)  is  diverted  to 
the  reservoir  to  attempt  to  fill  the  reservoir  to  F.S.L.  if 
not  already  at  that  level. 

3.  Any  flow  volume  in  excess  of  downstream  demands  and  diversion 
capacity  is  lost  downstream,  unused. 

For  onstream  storage  alternatives  (i.e..  Chain  Lakes,  Pine 

Coulee  Onstream,  Claresholm  Reservoirs),  the  following  priority  sequence 
was  adopted. 

For  a given  monthly  inflow  volume: 

1.  The  total  of  the  streamflow  volume  enters  the  reservoir. 

2.  If  reservoir  F.S.L.  is  exceeded,  release  excess  water  to  meet 

F.S.L. . 

3.  If  downstream  demands  are  not  met  with  the  excess  water, 

release  from  reservoir,  if  possible. 
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3.  WATER  BALANCE  SIMULATION 


The  repetitive  nature  of  assessing  a development  alternative 
for  each  month  of  a 72  year  period  is  ideally  suited  towards  computer 
assisted  analysis.  A computer  model  was  developed  to  simulate  the 
effects  of  each  type  of  reservoir:  one  for  onstream  storage;  one  for 
offstream  storage.  The  effects  of  a proposed  development  option  on 
pre-development  flows  were  simulated  purely  on  an  accounting  basis 
during  discrete  time  intervals.  Channel  routing  was  not  considered, 
implying  that  channel  storage  occurred  neither  during  the  month  nor  from 
one  month  to  the  next.  On  a monthly  basis,  this  assumption  does  not 
bias  the  results  in  favor  of  any  particular  option.  The  listing  of  each 
model  is  provided  in  Appendix  B. 

One  who  is  familiar  with  FORTRAN  computer  programming  would  be 
able  to  follow  the  logistics  of  the  models.  However,  the  implied 
assumptions  are  not  immediately  recognizable  and  are  therefore  stated 
explicitly  below. 

3.1  LOCAL  INFLOWS 


Data  sets  of  local  inflows  used  in  the  analysis  are  presented 
in  Appendix  A.  Details  of  the  production  and  modification  to  those  data 
sets  are  outlined  in  Section  2.4  of  this  report. 

3.2  OCCURRENCE  OF  ICE 


Two  types  of  ice  formation  were  identified  in  this  study: 
channel  ice  and  reservoir  ice. 

The  occurrence  of  ice  in  the  river  channel  was  accounted  for 
implicitly  via  the  streamflow  data  sets.  Experience  has  shown  that 
winter  releases  of  10  to  15  cfs  from  the  Chain  Lakes  Reservoir  result  in 
streamflows  of  3 to  5 cfs  near  Claresholm  and  are  reflected  in  the  data 
sets.  A large  percentage  of  these  streamflow  losses  were  due  to  the 
formation  of  channel  ice.  Identical  losses  due  to  ice  formation  were 
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assumed  to  have  occurred  for  each  scenario,  therefore  no  adjustments 
were  made  to  the  data  sets  to  account  for  the  occurrence  of  ice 
formation  in  channels. 

The  occurrence  of  additional  dead  storage  due  to  ice  formation 
in  reservoirs  was  treated  separately.  Ice  thickness  data  collected  from 
the  Chain  Lakes  Reservoir  were  examined  and  a simplified  schedule  of  ice 
thickness  on  reservoirs  was  used.  It  was  assumed  that:  in  November,  0.5 
feet  of  ice  thickness  existed;  December:  1.0  foot;  January:  1.5  feet; 
February:  2.0  feet;  March:  1.0  foot;  April  through  October:  no  ice 
existed.  The  storage  volume  lost  to  ice  formation  in  a particular  month 
was  calculated  by  multiplying  the  assumed  ice  thickness,  in  feet,  by  the 
surface  area  of  the  reservoir  at  the  beginning  of  the  month,  in  acres, 
yielding  an  ice  volume,  in  acre-feet. 

3.3  EVAPORATION  AND  PRECIPITATION 


Since  a new  water  body  is  introduced  to  the  Willow  Creek  Basin 
in  each  development  scenario,  the  effects  of  evaporation  and 
precipitation  on  reservoir  storage  supplies  are  not  reflected  in  the 
streamflow  data  sets.  To  account  for  the  accumulation  of  precipitation 
in  the  reservoir,  the  monthly  precipitation  data  set  of  Claresholm  was 
used  (from  CARD  (1982),  Appendix  2).  To  account  for  the  water  deficit 
caused  by  evaporation,  the  completed  monthly  evaporation  data  set  of 
Calgary  was  used  (from  CARD  (1982),  Appendix  3).  An  adjustment  to  the 
magnitude  of  the  evaporation  values  was  made,  in  accordance  with  Figure 
2 of  CARD  (1982),  Appendix  3,  to  accommodate  for  the  difference  in 
latitude  and  elevation  between  Calgary  and  each  of  the  reservoir  sites. 
Although  no  adjustment  was  made  for  the  Chain  Lakes  Reservoir,  the 
evaporation  data  set  for  each  of  the  proposed  reservoirs  was  obtained  by 
increasing  the  Calgary  data  set  by  a factor  of  1.025.  The  precipitation 
and  evaporation  data  sets  were  summed  to  produce  the  net  evaporation 
data  set.  The  volume  of  water  represented  by  the  net  evaporation  was 
calculated  by  multiplying  the  net  evaporation,  in  feet,  by  the  surface 
area  of  the  reservoir  at  the  beginning  of  the  month,  in  acres,  to 
produce  a net  evaporation  volume,  in  acre-feet. 


' 


-19- 


During  the  winter  season,  precipitation  normally  falls  as  snow 
and  evaporation  is  relatively  small.  In  each  model,  the  net  evaporation 
for  November  through  March  was  accumulated  and  then  released  in  April. 

3.4  SEEPAGE  LOSSES 


Seepage  losses  along  Willow  Creek  were  assumed  to  be  identical 
for  each  scenario  and  therefore  reflected  in  the  produced  streamflow 
data  sets.  No  adjustments  were  made  to  the  data  sets  to  account  for  any 
possible  changes  in  seepage  losses. 

Seepage  losses  in  reservoirs  were  assumed  to  be  negligible. 
During  initial  filling  of  a reservoir,  losses  due  to  seepage  may  in  fact 
be  significant  although  it  is  expected  that  seepage  losses  would  be 
negligible  in  the  long  term. 

3.5  DOWNSTREAM  FLOW  REQUIREMENTS 


To  assist  in  the  assessment  of  alternative  development 
options,  monthly  flow  requirements  downstream  of  the  reservoir  sites 
were  estimated  by  Planning  Division.  A summary  of  the  monthly 
requirements  are  presented  in  Table  3.1.  The  distribution  of  monthly 
demands  in  the  Willow  Creek  Basin  is  presented  graphically  in  Figure  7. 

In  this  study,  each  option  was  assessed  using  two  sets  of 
demands:  a set  of  fixed  demands  which  were  to  be  met  by  the  Chain  Lakes 
Reservoir,  and  a set  of  variable  demands  which  were  to  be  met  by  a 
downstream  reservoir. 

The  fixed  demands  consisted  of  a constant  10  cfs  from  November 
through  April,  emanating  from  the  south  end  of  Chain  Lakes  Reservoir 
into  Willow  Creek  and  a constant  3 cfs  throughout  the  year  emanating 
from  the  north  end  of  Chain  Lakes  Reservoir  into  Stinson  Creek  (outside 
Willow  Creek  Basin). 
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Table  3.1:  Summary  of  Downstream  Flow  Requirements 

Estimated  Present  Conditions  Proposed  Requirements 


Downstream 

Chain  Lakes  Demand  Chain  Lakes  Reservoir  Demand  Reservoir 

Demand 


Month 

Stimson  Creek 
cfs 

Willow  Creek 
cfs 

Stimson  Creek 
cfs 

Willow  Creek 
cfs 

cfs 

Jan. 

3 

15 

3 

10 



Feb. 

3 

15 

3 

10 

— 

Mar. 

3 

10 

3 

10 

-- 

Apr. 

3 

10 

3 

10 

May 

3 

5 

3 

15 

June 

3 

5 

3 

-- 

60 

July 

3 

5 

3 

_ _ 

75 

Aug. 

3 

10 

3 

— 

75 

Sept. 

3 

10 

3 

-- 

20 

Oct. 

3 

10 

3 



15 

Nov. 

3 

15 

3 

10 

— 

Dec. 

3 

15 

3 

10 

— 
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The  variable  demands  were  derived  from  the  downstream 
reservoir  demands  presented  in  Table  3.1.  The  relative  size  of  these 
demands  (from  May  through  October)  remained  fixed.  However,  the 
magnitude  of  the  total  demand  was  varied  so  as  to  obtain  a failure  rate 
approximating  that  of  the  scenario  being  investigated.  For  example,  to 
determine  the  reliability  of  a reservoir  having  a May  to  October  demand 
of  20,000  acre-feet,  the  demand  was  distributed  on  a monthly  basis  by 
multiplying  the  20,000  acre-feet  by  each  of  the  factors  shown  in  the 
last  column  of  Table  3.2  to  arrive  at  the  flow  in  cfs  for  each  month. 
These  numbers  were  input  in  the  appropriate  computer  model  to  ascertain 
the  reliability  of  the  reservoir  at  the  20,000  acre-feet  level  of 
demand. 


Table  3.2:  Modelled  Streamflow  Demands 


Month 


Demand  Requirements 


Fixed  (from 

i Chain  Lakes) 

Variable* 

North  End 

South  End 

(for  A 

to  Stinson  Creek 

to  Willow  Creek 

Downstream 

(Cfs) 

(cfs) 

Reservoir) 

Jan. 

3 

10 

Feb. 

3 

10 

Mar. 

3 

10 

Apr. 

3 

10 

May 

3 

0.000948 

Jun. 

3 

0.003790 

Jul . 

3 

0.004739 

Aug. 

3 

0.004739 

Sep. 

3 

0.001261 

Oct. 

3 

0.000948 

Nov. 

3 

10 

Dec. 

3 

10 

* Multiply  the  May  to  October 

variable  demand,  in  acre-feet. 

by  each  of 

the  factors  shown  to  obtain  the  monthly  demand,  in  cfs. 


; 
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3.6  PINE  COULEE  OFFSTREAM  DIVERSION  CANAL 


Alternative  A2  (Pine  Coulee  Offstream  Reservoir)  includes  a 
canal  which  diverts  streamflow  from  Willow  Creek  to  the  Pine  Coulee 
Offstream  Reservoir  during  the  April  through  October  period.  Since  the 
cost  of  the  diversion  canal  was  very  sensitive  to  the  capacity  of  the 
canal,  a more  detailed  analysis  of  streamflow  through  the  canal  was 

required.  A monthly  time  step  did  not  adequately  assess  the  effect  of 
streamflow  variability  on  the  efficiency  of  the  canal  to  divert  the 
required  volumes  of  water  to  the  reservoirs.  Considering  that  (a)  much 
of  the  monthly  streamflow  data  were  generated  through  regression 
analysis  and  (b)  (to  a lesser  extent)  the  cost  of  computer  runs,  the 
time  step  used  to  assess  the  diversion  canal  capacity  was  limited  to 
five  day  intervals. 

The  magnitude  of  the  five-day  streamflow  volumes  were 
determined  thus: 

1.  Each  month  was  separated  into  six  intervals:  five  5-day 

intervals  and  the  sixth  interval  ranged  from  three  to  six 
days,  contingent  upon  the  month. 

2.  Daily  recorded  data  were  averaged  for  each  of  the  six 

intervals  per  month,  for  the  period  1912  to  1983.  Since  no 
streamflow  gauging  station  in  the  Willow  Creek  Basin  existed 
for  the  entire  period,  several  stations  were  utilized  in 

attaining  the  five-day  averages  and  are  presented  in 
Appendix  C. 

3.  The  monthly  inflow  available  to  the  diversion  canal  was  then 
distributed  using  the  appropriate  volumetric  ratios. 
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4.  RESULTS 


The  detailed  output  of  each  option  is  about  1000  lines  long. 
Such  an  amount  of  output  was  considered  too  voluminous  to  be  included  in 
this  report  and  would  serve  a limited  usefulness.  The  detailed  output 
was  retained  on  file  in  Hydrology  Branch. 

Storage  draft  curves  for  each  of  the  alternatives  were 
developed  for  options  having  100,  95,  and  90%  reliabilities.  The 
results  for  alternatives  Al,  A2,  A3,  and  A4  are  presented  in  Figures  8, 
9,  10,  and  11,  respectively.  As  outlined  in  Section  2.3  a success  in 
meeting  the  annual  agricultural  demand  was  considered  to  have  occurred 
if  the  provided  flow  was  at  least  90%  of  the  demand  flow  in  all  months 
during  the  May  to  October  period  of  operation. 

Detailed  summaries,  in  terms  of  number  of  failures  which  would 
have  occurred  for  each  month  and  reservoir  yield,  for  simulation  runs 
which  approximated  the  100,  95,  and  90%  reliabilities  at  the 
topographical  maximum  storage  level  for  each  of  the  alternatives  are 
presented  in  Table  4.1.  Failures  in  winter  months  for  alternatives  A3 
and  A4  as  indicated  in  Table  4.1  are  not  the  results  of  Chain  Lakes 
being  unable  to  meet  the  winter  flow  requirements  but  rather  are  the 
combined  result  of  both  the  downstream  reservoir  having  been  drawn  down 
to  the  permanent  pool  level  and  production  of  surface  ice  on  the 
reservoir.  Table  4.2  provides  further  detail,  in  terms  of  both  duration 
and  severity  of  failures  for  the  100,  95,  and  90%  reliabilities  at  the 
topographical  maximum  storage  level  for  each  alternative.  Table  4.2  may 
be  read  as  follows;  for  option  95-A2a  (that  is,  the  Pine  Coulee 
Offstream  Reservoir,  with  a diversion  canal  capacity  of  300  cfs  and  an 
acceptable  reliability  of  95%  for  the  period  of  record),  the  system 
would  have  succeeded  in  supplying  a firm  yield  of  25,500  acre-feet  for 
about  95%  of  the  years.  More  specifically,  four  years  resulted  in 
failures  (1931,  1936,  1937  and  1944),  the  1931  failure  persisted  for  one 
month  in  October  with  the  May  through  October  shortage  being  362  acre-ft 
or  2.2%  of  the  annual  draft.  Table  4.3  provides  further  information  in 
regards  to  duration  and  severity  of  failure  to  meet  winter  demand  for 
the  maximum  development  options  and  can  be  read  in  a similar  fashion  as 
Table  4.2. 
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Table  4.1:  Reliability  of  Options 

Number  of  Failures  in  Month  Number  of  Years  Basin 

With  at  Least  One  Yield*  Reliability 


Option 

J 

F 

M A M J J 

A 

S 

0 

N 

D 

Shortage  in  May 
to  October  Period 

acre-feet 

% 

100-A1 

2 

1 

. 

9600 

100.0 

95-A1 

5 

7 

3 1 

2 

3 

3 

4 

5 

3 

13100 

95.8 

90-A1 

9 

9 

4 2 

6 

6 

5 

7 

8 

7 

14600 

90.3 

100-A2a 

_ 

26600 

100.0 

95-A2a 

1 

3 

3 

4 

29100 

94.4 

90-A2a 

1 

4 

7 

6 

7 

31600 

90.3 

100-A2b 

_ 

26600 

100.0 

95-A2b 

1 

3 

2 

4 

29100 

94.4 

90-A2b 

1 

4 

7 

6 

7 

31600 

90.3 

100-A2C 

_ 

26600 

100.0 

95-A2C 

1 

3 

2 

4 

29100 

94.4 

90-A2c 

1 

4 

7 

6 

7 

31600 

90.3 

100-A3 

_ 

31600 

100.0 

95-A3 

3 

3 

1 

3 

4 

1 

2 

4 

37600 

94.4 

90-A3 

4 

4 

4 

4 

6 

1 

3 

7 

40100 

90.3 

100-A4 

_ 

26600 

100.0 

95-A4 

1 

1 

2 

3 

4 

4 

29600 

94.4 

90-A4 

3 

3 

3 

6 

6 

1 

1 

7 

32100 

90.3 

* Basin  Yield  = Reservoir  Yield  + Chain  Lakes  November-Through-April  Yield 
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Table  4.2:  Duration  of  Agricultural  Demand  Shortages 


Year  of 

Duration,  in  months. 

starting 

in 

Month: 

Reservoir 

Volume  of 

Yield* 

Shortage 

Scenario 

Occurrence 

May  June  July 

Aug. 

Sept 

. Oct. 

(ac.-ft. ) 

(ac.-ft. ) 

100-A1 

6000 

95-A1 

1931 

2 

9500 

546 

1936 

3 

1862 

1944 

3 

2393 

90-A1 

1919 

3 

11000 

1328 

1931 

3 

2842 

1936 

4 

5824 

1937 

2 

1003 

1944 

4 

4704 

1961 

2 

1599 

1983 

1 

362 

100-A2a 

23000 

95-A2a 

1931 

1 

25500 

562 

1936 

2 

3199 

1937 

1 

976 

1944 

3 

3738 

90-A2a 

1919 

3 

28000 

5827 

1931 

3 

4612 

1936 

3 

11353 

1937 

2 

2203 

1944 

3 

7936 

1961 

1 

1478 

1983 

2 

3265 

100-A2b 

23000 

95-A2b 

1931 

1 

25500 

562 

1936 

2 

3199 

1937 

1 

976 

1944 

3 

3738 

90-A2b 

1919 

3 

28000 

5827 

1931 

3 

4612 

1936 

3 

7798 

1937 

2 

824 

1944 

3 

7936 

1961 

1 

1478 

1983 

2 

3265 

* Reservoir  yield  refers  to  that  yield  produced  by  the  downstream  reservoir  during  the 
May  through  October  period.  It  does  not  include  the  contribution  by  Chain  Lakes 
Reservoir. 


Table  4.2  continued. . 
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. . .Table  4.2  concluded. . . 


Year  of 

Duration,  in 

months,  starting 

in  Month: 

Reservoir 

Volume  of 

Yield* 

Shortage 

Scenario 

Occurrence 

May  June 

July  Aug. 

Sept. 

Oct. 

(ac.-ft. ) 

(ac.-ft. ) 

100-A2C 

23000 

95-A2c 

1931 

1 

25500 

562 

1936 

2 

3199 

1937 

1 

976 

1944 

3 

3738 

90-A2c 

1919 

3 

28000 

5827 

1931 

3 

4612 

1936 

3 

7798 

1937 

2 

824 

1944 

3 

7936 

1961 

1 

1478 

1973 

2 

3265 

100-A3 

28000 

95-A3 

1919 

2 

34000 

1528 

1936 

2 

4535 

1937 

3 

11889 

1944 

1 

282 

90-A3 

1919 

3 

36500 

6200 

1931 

1 

1566 

1936 

3 

12353 

1937 

3 

13454 

1941 

1 

8701 

1944 

2 

4442 

1983 

1 

647 

100-A4 

23000 

95-A4 

1919 

2 

26000 

2500 

1931 

1 

248 

1937 

3 

3326 

1944 

3 

4048 

90-A4 

1919 

3 

28500 

6596 

1931 

2 

2869 

1936 

2 

2567 

1937 

3 

5498 

1944 

3 

7068 

1961 

1 

1479 

1983 

1 

852 

* Reservoir  yield  refers  to  that  yield  produced  by  the  downstream  reservoir  during  the 
May  through  October  period.  It  does  not  include  the  contribution  by  Chain  Lakes 
Reservoi r. 
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Table  4.3:  Duration  of  Winter  Demand  Shortages 


Year  of 

Duration,  in 

months , 

starting  in  Month: 

Volume  of  Shortage' 

Option 

Occurrence 

Nov.  Dec. 

Jan. 

Feb.  Mar.  Apr. 

(ac.-ft.) 

100-A1 

1937 

2 

482 

1945 

1 

489 

95-A1 

1919 

3 

1649 

1931 

5 

2655 

1936 

1 

529 

1936 

5 

2995 

1937 

4 

1841 

1944 

5 

2762 

1978 

1 

405 

90-A1 

1919 

4 

2235 

1931 

5 

2655 

1935 

4 

2255 

1936 

5 

2995 

1937 

4 

1873 

1944 

5 

2762 

1951 

2 

855 

1963 

3 

1264 

1977 

3 

1495 

1983 

2 

1132 

100-A2 

NO  WINTER  DEMAND  SHORTAGES 

95-A2 

NO  WINTER 

DEMAND  SHORTAGES 

90-A2 

1978 

1 

333 

100-A3 

NO  WINTER  DEMAND  SHORTAGES 

95-A3 

1936 

4 

1346 

1938 

2 

317 

1944 

3 

902 

90-A3 

1931 

3 

545 

1936 

4 

1346 

1938 

2 

317 

1944 

3 

902 

100-A4 

NO  WINTER  DEMAND  SHORTAGES 

95-A4 

1945 

2 

492 

90-A4 

1936 

4 

618 

1945 

2 

492 

1978 

2 

586 

* Willow  Creek  Winter  requirements  (November  through  April)  total  3,600  acre-feet. 
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5.  CONCLUSIONS 


The  hydrologic  assessment  of  the  several  alternatives  was 
based  on  the  effects  of  the  proposed  reservoirs  on  the  Willow  Creek 
Basin  monthly  streamflow  data  sets.  Due  to  the  daily  variability  of 
flows,  conclusions  extrapolated  from  these  results  for  time  periods  of 
less  than  one  month  should  be  undertaken  with  caution. 

The  results  of  the  analyses  reveal  the  following  conclusions. 

1.  The  larger  the  reservoir  storage  available,  the  greater  the  maximum 
annual  draft.  Hence,  alternative  A3  provides  the  greatest  annual 
draft,  followed  by  A2,  A4,  and  Al.  However,  the  efficiency  of 
attaining  the  greater  annual  draft  does  not  parallel  the  above 
statement.  The  ratio  of  maximum  annual  draft  and  maximum  live 
storage  provide  a measure  of  this  efficiency.  These  ratios  for  the 
90%  level  of  reliability  are  presented  in  Table  5.1.  As  can  be 
seen,  Alternative  A4  offers  greatest  efficiency,  followed  by  A2, 
Al , and  A3. 


Table  5.1:  Efficiency  of  Attaining  Maximum  Annual  Draft 

Alternative  Guaranteed  Annual  Draft  Maximum  Live  Storage  GAD/MLS 
at  90%  Reliability 

(GAD)  (MLS) 

(ac-ft)  (ac-ft) 


Al 

11000 

11800 

0.93 

A2 

28000  / 

27490 

1.02 

A3 

36500  ' 

45818 

0.80 

A4 

28500^ 

26731 

1.07 
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2.  Concerning  Alternative  A2,  the  reliability  of  the  annual  draft  was 
shown  to  be  very  insensitive  to  the  range  of  canal  capacities 
tested  in  this  assessment  (as  shown  in  Figure  3).  Based  on  these 
results,  it  can  be  concluded  that  a canal  capacity  of  300  cfs  would 
be  adequate  in  supplying  the  Pine  Coulee  Offstream  Reservoir. 
There  is  little  or  no  gain  in  draft  with  a larger  diversion  canal 
capacity  of  600  cfs  or  900  cfs. 

3.  Under  the  proposed  operation  of  reservoirs,  Chain  Lakes  Reservoir 
would  provide  winter  flows  for  municipal  purposes  only.  The  10  cfs 
release  requirement  during  the  November  through  April  period  was 
always  met  by  the  existing  reservoir.  The  3 cfs  requirement  for 
Stimson  Creek  throughout  the  year  was  also  always  met. 

However,  in  the  options  involving  downstream  reservoirs,  there 
were,  on  occasion,  downstream  flows  of  less  than  10  cfs  during  the 
November  through  April  period.  These  shortages  were  caused  by  a 
combination  of  low  reservoir  levels  and  the  formation  of  surface 
ice  in  the  reservoir  during  the  winter  season. 

Whether  the  alternative  involved  an  onstream  or  offstream 
reservoir,  flows  of  less  than  10  cfs  can  still  be  expected 
downstream  of  the  proposed  reservoir  due  to  the  formation  of 
channel  ice. 

4.  The  maximum  reservoir  draft  shown  in  the  storage-draft  curves  of 
Figures  8 through  11  were  determined  using  a fixed  distribution  of 
demand,  as  presented  in  Table  3.2.  Variation  in  the  distribution 
of  demands  would  have  negligible  effects  on  the  computed  yield. 
However,  the  effects  of  a significantly  different  distribution  of 
demand  on  the  resulting  maximum  reservoir  draft  should  be  verified 
using  the  procedures  outlined  in  this  report. 
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APPENDIX  B 


LISTINGS  OF  COMPUTER  PROGRAMS  FOR 
THE  ASSESSMENT  OF  RESERYOIR  SCHEMES 


Offstream  Reservoir  Model 
Onstream  Reservoir  Model 
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APPENDIX  C 


Stations  Used  to  Produce  5-Day  Volumetric 
Distribution  of  Streamflows  
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